At species' range edges, individuals often face novel environmental conditions that 15 may limit expansion until populations adapt. The potential to adapt depends on genetic 16 variation upon which selection can act. However, populations at species' range edges are 17 often genetically depauperated. One mechanism to increase genetic variation is to reshuf-18 fle existing variation through sex. During range expansions, sex can, however, act as a 19 double-edged sword. The gene swamping hypothesis predicts that for populations expand-20 ing along an abiotic gradient, sex can hinder adaptation if asymmetric dispersal leads to 21 numerous maladapted dispersers from the range core swamping the range edge. In this 22 study, we experimentally tested the gene swamping hypothesis by performing replicated 23 range expansions in landscapes with or without an abiotic pH-gradient, using the ciliate 24 Tetrahymena thermophila, while simultaneously manipulating the occurrence of gene flow 25 and sex. We show that sex accelerated evolution of the intrinsic rate of increase in absence 26 of gene flow, but hindered it in presence of gene flow. The effect of sex, however, was 27 independent of the pH-gradient. Conversely, sex and gene flow did not affect expansion 28 distance, possibly due to the discrete landscape structure. Overall, our results suggest that 29 gene swamping can affect adaptation in life-history strategies.
Introduction
samples 10-100 fold in Neff-medium to ensure densities were similar, as excessive density 142 prevents accurate video analysis. We then took 10 s videos (250 frames, 25 fps) using a Leica 
where the intraspecific competitive ability (α) is equal to:
where r 0 is the intrinsic rate of increase, N the population size, α the intraspecific competitive 152 ability, N the equilibrium population density and d the death rate of the population. We es- Of the 40 range expansions, 33 were successful, whereas the other seven went extinct (Fig. 1 ).
Extinctions only happened during range expansions into a gradient, but were largely counter- Table 1 : Relative importance (RI) of the different independent variables obtained with AICc comparison of all possible models testing local adaptation as the evolution of intrinsic rate of increase r 0 . 
